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S U M M A R Y  

by 0 .  Nesterov 

The t o t a l  equat ion for t h e  e f g e c t i v e  recombination c o e f f i c i e n t  Ut 
i n  t h e  l o n e r  ionosphere is analyzed. The exprerssion is obta ined  for  t h e  
determinat ion of v a r i a t i o n s  of t h e  d i s s o c i e t l v e  recombination c o e f f i c i e n t  
aE a func t ion  of temperature and of t h e  z e n i t h a l  angle of t h e  Sun, It is 
shown t h a t  t h e  temporal v a r i a t i o n s  of t h e  nega t ive  i o n  f a c t o r  exert  a sub- 
s t e n t i a l  i n f luence  on t h e  va lue  of a', p a r t i c u l a r l y  i n  t h e  lower par t  of 
t h e  D-reqion The d i e s o c i a t i v e  recombination it3 t h e  determining f a c t o r  for 
a l t i t u d e 6  above t h e  80 - 85 km range. 

* 
* * 

Because of inc reased  i n t e r e s t  i n  t he  lower ionosphere,  a se r ies  
of  con t r ibu t ion6  have been l a t e l y  made t o  t h e  r e sea rch  on n e u t r a l i z a t i o n  
processes  i n  t h e  lower ionosphere,  namely i n  t h e  D-region and below t h e  
E-layer  m a x i m u m .  While a great number of d a t a  on the  phys ica l  essence of 
microprocesses  exis t  f o r  a l t i t u d e s  of t he  atmosphere above 100hE,access- 
i b l e  f o r  research by t h e  method of v e r t i c a l p u l s e s o u n d i n g ,  t h e r e  is still  
a n  i n s u f f i c i e n t  amount of information on n e u t r a l i a a t i o n  processes- The 
cause6 o f  such a delay  murt be s o u g h t  for mainly i n  the great physical, metho- 
d o l o g i c a l  and t e c h n i c a l  d i f f i c u l t i e e  w i t h  which the research work i n  t h e  

lower  atmo,ophere is  beset.  

The f 1.111 information on ionization-neutralfzAtion processes  for 
h e i g h t s  e rceeding  100 km is included i n  the r ev iews  c1, 23 , Mate r i a l  on 
t h e  loyer ionosphere a r e  d e a l t  wi th  i n  r e f e r e n c e s  L3 - 61 and o t h e r s  
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Unfortunately,  t h e  d i sc repanc ie s  i n  the  estimates of  t h e  recombina- 
t i o n  c o e f f i c i e n t  i n  t he  lower ionosphere reach  one o r d e r  and even more. The 

cause of t h i s  probably l i e s  i n  t h e  d i f f e r e n c e  of ionospher ic  con&tbns du r ing  
experiments and a l s o  i n  t h e  d i f f e rence  of  methods f o r  determining t h e  recom- 
b i n a t i o n  c o e f f i c i e n t .  T h i s  l e a d s  t o  s u b s t a n t i a l  d i f f i c u l t i e s  when s tudy ing  
t h e  phys ica l  n a t u r e ,  t h e  behavior  and t h e  formation of t h e  D-region dur ing  
va r ious  s o l a r  -terrestrial condi t ions  for a normal and d i s tu rbed  ionosphere .  

The effect ive recombination c o e f f i c i e n t  &r cannot be considered a6 
a s t a t i s t i c a l  Q u a n t i t y .  I ts  value is determined by the  q u a n t i t a t i v e  c o r r e l a -  
t i o n  between t h e  i on ized  gas component, t h e  n a t u r e  and the  rate of physico- 
chemical andphotochemical r e a c t i o n s  t a k i n g  place i n  t h e  upper atmosphere, 
t h e  l o c a l  meteorological  condi t ions  i n  t h e  considered reg ion  of t h e  atmosphe- 
r e  and t h e  z e n i t h a l  an7;le of t h e  Sun, Evident ly ,  a t  such condi t ion6  a* all 
have a n  e x a c t l y  determined value f o r  every concre te  case and the  o b j e c t  of 
t h e  p re sen t  work is t h e  a n a l y s i s  of causes  cond i t ion ing  the  g iven  va lue  at' 

a t  a s p e c i f i c  time, at t h e  given place and f o r  given condi t ions ,  and the 

uncovering of a method f o r  its numerical de te rmina t ion  and conc re t e  represen- 
t a t i o n  of data on t h e  va lue  of a'. T h i s  research refers  t o  middle geographic 
l a t i t u d e s ;  however, the  method may be app l i ed  under any cond i t ions ,  

The e f f e c t i v e  recombination c o e f f i c i e n t  is a sum of three componants 

i.or The first term accounte, t h e  e f f e c t  of d i s s o c i a t i v e  recombination , 
t h e  second - t h a t  of i o n i c  recombination and t h e  t h i r d -  t h e  i n f l u e n c e  of 
nega t ive  i o n s '  f a c t o r  v a r i a t i o n  ( A )  i n  the n e u t r a l i z a t i o n  process .  It is 
generell:: es t imated  t h a t  t h e  l e t t e r  i p  sma l l  end can be neglec ted  by cornpa- 
r i s o n  w i t h  t he  first two together .  Fo rb rev i ty  we s h a l l  denote i t  by E :  

i d a l  
N ( i + I )  dt' e =  

t h e n  ( 1 )  takes t h e  form 

a' = ad' + hat + e. (31 
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L e t  us now cons ider  the behavior and t h e  s i g n i f i c a n c e  of each of 
t h e  components ( 3 ) .  The d i s s o c i a t i v e  recombination of  t h e  type 

=+ + e 4 1 t '  + Y" 
p r e v a i l s  i n  s e c t o r s  wi th  abundance of molecular i o n s  
hand, p o s i t i v e  molecular i o n s ,  f o r  example those of oxygen ( O l ) ,  are c rea t ed  
as a reeult of  charge-exchange according t o  t h e  r e a c t i o n  0' + 02+ O2 + 01. 

t h a t  is, i n  t h e  reg ion  w i t h  s u f f i c i e n t  concent ra t ion  of  atomic io-- in t h e  

case of  0 
c i a t i o n  processes  O2 + h -+ O + +  0 

XY*, On t h e  o t h e r  

+ 

+ But ,  t h e  atomic i o n s  0' are the  r e s u l t  of  consecut ive d i s so -  
and subsequent photo ionlea t ion  

t 0 + h - c O +  t e. 

Since  the  photodissoc ia t ion  of O2 begins  at a he igh t  g r e a t e r  than  
80km,hence the  d i s s o c i a t i v e  recombination is the  b a d c  n e u t r a l i z a t i o n  pro- 
ce6s i n  t h e  thermosphere. Determinant above 80km are t h e  d i s s o c i a t i v e  recom- 
b i n a t i o n  r eac t ion6  of the type 

0; + a - 0 '  + O", N z +  0-N'  + P , N O + +  e-+Ht + 0 ' .  

It w a e  e s t a b l i s h e d  by numerous l a b o r a t o r y  and ionospher ic  experi-  
ments t h a t  the  c o e f f i c i e n t  of d i s s o c i a t i v e  recombination of t h e  i - t h  compo- 
nen t  of i o n  conten t  v a r i e s  w i t h  temperature T according t o  the  law 

ai i= kT-n, t4) 
a t  t h e  Feme t ime the  exponent n iS d i f f e r e n t  f o r  various components of X f ,  

Bates and Dalgerno c73 f i n d  t h a t  6di6 propor t iona l  t o  TO''', but  o t h e r  
a u t h o r s  ob tn in  f o r  the exponent va lues  from - % t o  
inves t , igo t ions  161 gives t h e  following va lues  o f  t he  s p e c i f i c  dependence 
of ad on T f o r  var ious  k inds  of p a r t i c l e s  : 

ah , One of t he  l m t  

cqt (a+) = 7 . ~ O - S T - ~  cas -I, ad (N*+) E 5. i o - 5 p ~ 4  ems a - 1  

a~ (NO+) =I ifi * ioJT-'/* -1. 

Ivanov-Kholodnyy c1 21 proposes for atmospheric molecular ions 

o:, N; and NO' t he  dependence 
- -. 

(5 )  
*d = 5,2 1OaT-'J1 cas 6e-1 

b a s i n g  himself  mainly on ionospheric  data. 
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whence, 

whence 

we have 

i n  C l O 3  

From the  i n v e s t i g a t i o n s  with mass-spectrometers i n s t a l l e d  on 
rocke t s  i t  may be seen C8J t h a t  a t  solar culminat ion t o  h e i g h t s  - 100 km 
the  i o n  O2 is  preva i l ing .  A similar i n v e s t i g a t i o n  [ 9 ]  shows t h a t ,  as 
the  he igh t  of the  Sun inc reases ,  t he  con t r ibu t ion  of 09 
i on  conten t  f o r  h e i g h t s  r~ 100 km i n c r e a s e s  a l so .  The ion  NO+ predominates 
above tbat l e v e l ,  and t h a t  is why the  equiva len t  d i s s o c i a t i v e  recombination 
c o e f f i c i e n t  f o r  t he  80- 1 2 0 k m i n t e r v a l  (adt) is condi t ioned by t h e  rate of 
vanish ing  of the component 0; 

+ 

t o  t he  gene ra l  

and NO'. For t he  n- components we may w r i t e  

I 

a f t e r  summing up 
d(Ni+lVz+ + . . . + fin'.) / dt = 91 + 92 + . . . + qn - 

- (@i+ + azN2+ + . . . + anNn+) N .  

Under quasi-equi l ibr ium cond i t ions  we have 

d ( N i + +  N2+ + . . . + Nn+) / d t  = 0, 

i i i i 

The gene ra l  balance equat ion at t >.Oh i n  daytime has the  form 
d h  1 dt = q - d N 2 ,  

But under quasi-equilibrium cond i t ions  d N / d t  a 0, whence 

But q and 24% 
from (6) an2 (7 )  

q = a d " 2 .  (7) 

are i d e n t i c a l  q u a n t i t i e s ,  as a consequence of which 
i 

1 
ad1 = - Z a , ' N i + .  

N i  

U t i l i z i n g  the average value of ad for the  i - t h  component, we obta in  

The express ion  (9)  i s  i d e n t i c a l  t o  t h a t  obtained by another  method 
f o r  t he  formula of t he  e f f e c t i v e  recombination c o e f f i c i e n t .  
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However, i t  is w e l l  known t h a t  while  i n  daytime condi t ions  the  
t o t a l  concent ra t ion  of p o s i t i v e  ions is near  the concent ra t ion  of e l ec t rons ,  
( A < l  a t  2>80km), i n  n igh t  time cond i t ions  the  d i f f e rence  between them 
is s i c n i f i c a n t  ( A dl a t  z = 100km). According t o  mass-spectrometric inves-  
t i g a t i o n s  [ 9 ] ,  c a r r i e d  ou t  on rocke ts  i n  daytime and night t ime cond i t ions ,  

i t  has  been e s t a b l i s h e d  t h a t  t he  b a s i c  component 0; v a r i e s  from day t o  
n igh t  a c c o r d i n g t o t h e  r a t i o  
w e l l  known l a w  on temporal v a r i a t i o n s  of e l e c t r o n  concent ra t ion  i n  the  E-layer 

a t  e &100km, we may wri t e  on the basis of ( 9 )  : 

4 : 1. From t h i s  condi t ions ,  as a l s o  from the  

- 
adf = a (COS x)-’”. (10) 4 , . 

I n  accordance wi th  the  e s t ab l i shed  temperature dependences f o r  t he  
d i s s o c i a t i v e  recombination of the b a s i c  components a t  t h e  h e i g h t s  considered 
by u6, where a d  N T-’’l+ T-3‘2, we may assume adf - T-: o r  n = 1. From abso rp t ion  
measurements i n  s h o r t  waves i n  daytime ( p  W 40°) we obtained for h e i g h t s  - 
d 9 O k m  the  equiva len t  recombination c o e f f i c i e n t  Utae W 2 ’ 
Under these  condi t ions ,  and a l s o  from (4) and (lo), we have 

cm3 sec’l’ [ll]. 

k = adf T (cos x )  ‘/e. 

For the  s t anda rd  atmosphere CIRA- 1961 ( s e e  c12)) T = 181’ K and 
k = 3.47 loo5 = const .  Hence, we f i n a l l y  have for a l l  z e n i t h a l  ang le s  up 
t o  jL = 1000 : 

cldf = 3,47.10-5 I T (cos x )  (11) 

The second term of t he  equation ( 3 )  t akes  i n t o  account t h e  in f luence  
of t h e  i o n i c  recombination, which responds t o  the  r e a c t i o n  of t h e  type 

- x- + Y+ 3 X‘ + y’. 
Since the  negat ive ni t rogen i o n s  are unknown, the  most important  

p a r t i c l e s  i n  t h a t  r e a c t i o n  remains the  oxygen 

02- + a+ 3 02f + 02’, 0- + o+ --t 0’ + O’, 02+  f 0- + 0 z f  + 0’. 
O 2  Evident ly  , 

a r o l e  of first degree 
r e a c t i o n s  

p lays  i n  t he  i o n i c  recombination in t h e  daytime D-region 
importance. Poss ib l e  also are, however, the secondary 
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The gene ra l ly  admit ted value of ai is aid1007 cm3 sec-'. There 
is  an i n d i c a t i o n  t h a t  as t he  temperature decreases ,  so does ai, but  the  
empir ica l  dependences a r e  unknown. 

L e t  u s  examine the  r o l e  of nega t ive  i o n s  represented  by the  f a c t o r  
= N - / N  and t h e  r a t e  of dX/dt v a r i a t i o n  w i t h  time. Here N- and N are 

t h e  d e n s i t i e s  of negat ive i o n s  and e l e c t r o n s ,  r e spec t ive ly .  Under daytime 
cond i t ions  the  s t a t i o n a r y  value o f  is  given by Nicole t  i n  C131 

h= B n l y i + y n ,  (12) 
here fj is the  adhesion f a c t o r  of e l e c t r o n s  t o  n e u t r a l  atmospheric gas 

Jolecules  of dens i ty  n ;  y1 is the photodetachment c o e f f i c i e n t ;  i s  
the c o l l i s i o n a l  detachment c o e f f i c i e n t .  As a l r eady  mentioned, t h e  process  
of e l e c t r o n  adhesion t o  N2 qnd N is unknown and t h a t  is why n may be 

rep laced  i n  the  nunerator  of (12) by n ( 0 2 ) .  According t o  C14, 153, 

where K = ( 2  2 1) lo'?' a t  T = 250° K. On the o t h e r  hand, 

cos  % C16, 171; at  the same time from (12)  we have 

p = xn(02). (43) 
f1 v a r i e s  with 

5 = xn2(02) I yio cos x + yn. (44) 

For the  detachment coef f ic ien t ' ) ) ,o  of t he  i o n  0; va lues  from 0.035 
t o  0.44 sec" a r e  given C18 - 211, and f o r  the  c o l l i s i o n a l  detachment coef- 
f i c i e n t  - t h e  value t o  4 loo2' depending upon the  k ind  o f  par-  
t i c l e s  and temperature C20, 22). On the  basis of t h e  r e s u l t s  presented  i n  
t h e  equat ion (141, we assume l ' lo = 0.2 sec'' and .I = cm3 s e c  . 
With these  parameters and the  d a t a  f o r  n ( 0 2 )  c23] we obtained f o r  t he  

s t a n d a r d  atmosphere of c121 the  family of curves  
r ep resen ted  i n  Fig.1.  It may be seen t h a t  dur ing  s u n r i s e  and sunse t  
v a r i e s  r a p i d l y  w i t h  time. We s h a l l  o b t a i n  the  r a t e  of v a r i a t i o n  w i t h  time 
by d i f f e r e n t i a t i n g  the  equat ion (14) 

-1 

= f (e)$,,,,,t, 

8A B ( C O S ~ )  dh dh 
dt ~ ( C O S X )  Bh ' Bt 

- -= 

whence, upon u t i l i z a t i o n  of equat ions f o r  % and c e r t a i n  t ransformat ions ,  
we s h a l l  o b t a i n  

yio COS cp cos 6 sin h dh - = A .  
dt yiocosX+yn , dt 

dh 
(45) -- 
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Here cp, 6 , h  is the  geographic l a t i t u d e ,  t he  s o l a r  d e c l i n a t i o n  and 

the  hour angle  of  the Sun, r e spec t ive ly .  It is clear t h a t  is no t  a cons tan t  
quant i ty ,  as usua l ly  assumed, and d A / d t  ha8 a s p e c i f i c  value f o r  each con- 
c r e t e  case by t i m e  and place,  

Evident ly ,  t h e  func t ion  cos in t he  equat ions (141, (15) can be 
s u b s t i t u t e d  by (sec %Io1, and the l a t te r ,  at  z e n i t h a l  ang le s  $ 2 7 5 '  - by 
t h e  Chapman func t ion  f (%, a )  -l. Under these  condi t ions ,  t h e  term € i n  t h e  
equat ion ( 3 )  is p l o t t e d  i n  F i g . 2  f o r  aean geographical  l a t i t u d e s  and equi-  
noxes as a funct ion  of  he ight  z at  parameter $. A t  the  same time, u t i l i z e d  
f o r  N a r e  t h e  q u a n t i t i e s  obtained by measurements of abso rp t ion  i n  s h o r t  and 
medium waves in the  D-region and  i n  var ious  experiments wi th  rocke t s ,  repre-  
s e n t i n g  the  p a r t i a l  r e f l e c t i o n  and the  nonl inear  e f f e c t s  i n  the lower iono- 
sphere.  Since the  i n t e n s e  photodetachment of e l e c t r o n s  from 0 begins  at 
z e n i t h a l  angles  
1' = f - 10'. The family of curves h i  (e) is also p l o t t e d  in Fig,  2. 

be seen  t h a t  i n  t he  li = 70+80 k m  a l t i t u d e  i n t e r v a l  t he  components e and 

A&, a r e  of the eame order  and  t h a t  the  admission, o f t e n  encountered in l i t e -  
rature,  t h a t  € is a very s m a l l  q u a n t i t y ,  is no t  j u s t i f i e d .  Here too are 
shown the  groups of curves r e f l e c t i n g  the  c o n t r i b u t i o n  of the  d i s s o c i a t i v e  

- 
2 

$ = looo C24, 251, $ w a s  r ep laced  by t h e  equ iva len t  angle  
It may 



1 recombination dLd t o  the  t o t a l  n e u t r a l i z a t i o n  process  under cond i t ions  of 
s tandard  atmosphere which were obtained from t h e  equat ion (11). It may be 
seen t h a t  the d i s s o c i a t i v e  recombination is determining f o r  he igh t s  ~ 8 5 k m  
i n  daytime and above 95 km at nighttime. For t h e  sake of comparison we gave 
two curves f o r  t h e  p r o f i l e  of 
of  ref. C 1 ,  23, lower curve - according t o  C61). As may be seen, our curves  
a r e  an acceTtable  Compromise between these  two r e s u l t s .  

(upper curve according t o  c a l c u l a t i o n s  

Fig. 2 

The e f f e c t i v e  recombination c o e f f i c i e n t ,  gene ra l i z ing  the  r e s u l t  
of t h e  e f f e c t  of t hese  th ree  components, is p l o t t e d  in Fig .3  af ter  t h e  
equa t ion  (3);  the  parameter i s  the z e n i t h a l  angle  of the  Stan %. .4s a l r eady  
mentioned, f o r  h e i g h t s  below 80h, the  i o n i c  recombination and the  v a r i a t i o n  
of t h e  f a c t o r  of nega t ive  i o n s  have a s p e c i a l  va lue ,  while above t h a t  limit 
the d i s s o c i a t i v e  recombination becomes determinant.  The p e c u l i a r  shape of 
t h e  p r o f i l e  f o r  d1 ( e )  is  ev iden t ly  due t o  the temperature inve r s ion  in 
t he  reg ion  of the  mesopause. 

Let u s  recall  t h a t  the given p r o f i l e  of a' ( 1 ; )  c o n s t i t u t e s  only one 

example responding t o  condi t ions  on middle geographical  l a t i t u d e s  f o r  t h e  
p e r i o d s  of s p r i n g  and autumn equinoxes, and i t  r e f e r s  t o  average meteorolo- 
gical and aeronomical condi t ions  i n  the  upper meaospbere. With another  s e t u p  
4' ( a )  may undergo s u b s t a n t i a l  d e f l e c t i o n s ,  depending upon t h e  concre te  con- 

d i t i o n s  i n  the  s e c t o r  considered. I n  p a r t i c u l a r ,  w i l l  have a seasona l  
and l a t i t u d e  course-  r e s u l t  of annual  ternpepatme v a r i a t i o n s  and meridian 
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e f f e c t ,  and  a l s o  of dens i t ?  f l u c t u a t i o n s a n d n e u t r a ~  gas content .  It is pos- 

s i b l e  a l s o  t h a t  &' w i l l  undergo the  w e l l  known v a r i a t i o n  wi th  the  per iod  
of s o l a r  a c t i v i t y .  

It is  i n t e r e s t i n c  t o  compare the  r e s u l t s  obtained 3y us  f o r  t he  
quan t i ty  at  with o the r  we l l  known l i t e r a t u r e  da ta .  To t h a t  e f f e c t  we p l o t -  

t ed  i n  Fig.  4 the p r o f i l e s  of 
an6 those obtained by o t h e r  methods [I., 2, 4, 5 ,  6 3 .  C i r c l e s  denote the  r e s u l t s  
of s e p a r a t e  e s t ima tes  of at under d i f f e r e n t  ionosphere cond i t ions  and f o r  
d i f f e r e n t  measurements. A t  1151un t h e  value of a' was computed i n  C261 
't time of the  t o t a l  s o l a r  e c l i p s e  of 15 February 1961. As was noted i n  C261 
the  va lue  of CC' obta ined  i n  t h a t  i n v e s t i g a t i o n  is t he  s m a l l e s t  poss ib l e  
f o r  t he  e f f e c t i v e  reconbina t ion  i n  the  E-layer : a' =Z, loo7 cm3 sec-'(arrow 
on the  po in t  i n  Fig. 4). The value of a' f o r  z = g o b  w a s  obtained i n  [ll] 
on the  basis of r e l a x a t i o n  and equiva len t  e l e c t r o n  dens i ty  i n  the  D-region. 
The vs lue  of a' at 77.5km ( a' = 5 lom7 cm3 s e c  
accorCinF; t o  neasurements of C271 dur ing  expe r inen ta l  nuc lear  explos ions  
i n  t h e  upper atmosphere. According t o  i n v e s t i g a t i o n s  dur ing  chromospheric 
f l n r e s  a t t ended  by X-ray emission, Nestorov and Taubenheim C283 have de te r -  
mined the  mean e f f e c t i v e  reconbinat ion c o e f f i c i e n t  ou t  of 400 ionospher ic  
e f f e c t s  ( u ' 
which is two t o  t h r e e  tirrres more than the  value of at at q u i e t  ionosphere.  
It i s  i n t e r e s t i n g  t h a t o t h e r  authors  too  obtained overrated.  values  f o r  a' 
a t  t i n e s  o f  chroaospheric  f lares .  Ttus, Swi f t  [293 found t h e  mean value of 
a' f r o n  absorp t ion  measurezients w i t h  the a i d  of r iome te r s  (SCNA) t o  be 

ct t  e 6.7 10 cm sec.' f o r  e = 80h, while I v I i t r a  C303 obta ined  a' = 4  010 
f o r  z = 65ka and Volland [31] h i t  higher  va lues  at a' = 9 10- CI? sec" 
for z=701rm. 

a' f o r  $ = 40 and goo, co:nguted by our methods 

-1 
) c o n s t i t u t e s  the  average 

-6 3 1.3 10 cm sec-') a t  an average a l t i t u d e  z = 75 km, 

-7 3 -6 

These coiflp&rativelg hlFh va lues  of a' are poss ib ly  condi t ioned  by 
h i g h  v a r i a t i o n  r a t e s  of the  f a c t o r  of  nega t ive  i o n s  ( dX / d t )  

-1 chromospheric f l a r e s .  The value oL1 - 3  cm3 6ec 9 obtained i n  [32] 
for e = 7 0 h ,  c o n s t i t u t e s  an exception. 

dur ing  s o l a r  

The p r o f i l e s  of d' ( e >  f o r  winter  cond i t ions  and in the  presence 
o f  a high temyerature grndient  i n  the  reg ion  of the  mesopause, ob ta ined  
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by applying our own method t o  the d a t a  of  temperature measurements by 
rocke t s  c331 are given i n  Fig. 4. 

A s a t i s f a c t o r y  agreement between the results obta ined  by 

v 

u6 f o r  

t L e  a l t i t u d e  rFnge  above 80km ie c l e a r l p  v i e i b l e .  Below 80km t h e  d a t a  
from r e fe rence  c41 a r e  s t r o n g l y  ove r ra t ed ,  which apFarent ly  is t h e  
r e F u l t  of an overes t imate  of t h e  r o l e  o f  t h e  i o n i c  recombination i n  the  
v s l u e  of  t h e  e f i e c t i v e  recombinetian c o e f f i c i e n t  i n  t h e  lower p a r t  of 
t h e  D-re,s;ion. 

Cont rac t  No .NAS-5-3760, Trans la t ed  by ANDRE L. BRICHANT 
Coneul tan ts  and Designers InC 

Ar l ing ton ,  V i r g i n i a  
on 2 9 -  30 November 1965 
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